ABSTRACT. The control region is considered to be one of the most variable parts of animal mitochondrial DNA (mtDNA). We compared the mtDNA control region from 37 species representing 14 genera and 4 subfamilies of Ranidae, to analyze the evolution of the control region and to determine their phylogenetic relationship. All the Ranidae species had a single control region, except four species that had two repeat regions. The control region spanned the region between the Cyt b and tRNA leu genes in most of the Ranidae species. The length of the control region sequences ranged from 1186 bp (Limnonectes bannaensis) to 6746 bp (Rana kunyuensis). The average genetic distances among the species varied from 1.94% (between R. chosenica and R. plancyi) to 113.25% (between Amolops ricketti and Euphlyctis hexadactylus). The alignment of three conserved sequence blocks was identified. However, conserved sequence boxes F to A were not found in Ranidae. A maximum likelihood method was used to reconstruct the phylogenetic relationship based on a general time reversible + gamma distribution model. The amount of A+T was higher than G+C across the whole control region. The phylogenetic tree grouped members of the respective subfamilies into separate clades, with the exception of Raninae. Our analysis supported that some genera, including Rana and Amolops, may be polyphyletic. Control region sequence is an effective molecular mark for Ranidae phylogenetic inference.
INTRODUCTION
Over the past few decades, frog species have been experiencing dramatic declines around the world. The amphibian decline crisis has prompted an extraordinary proliferation of research in various relevant areas (Navas et al., 2012) . Mitochondrial DNA (mtDNA) has been widely used as a marker for evolutionary and conservation genetic studies, because of its compact size, nearly complete maternal inheritance, and fast evolutionary rate. The control region is the most polymorphic region of the animal mtDNA genome, presumably due to lack of coding constrains (Baker and Marshall, 1997) . Thus, the control region sequence has become one of the most commonly used markers for the study of phylogenetic relationships and population genetics in animals (e.g., Li et al., 2012) .
Numerous studies of the structure of mtDNA control region in fishes (e.g., Lee et al., 1995; Zhao et al., 2006) , birds (e.g., Randi and Lucchini, 1998; Ruokonen and Kvist, 2002; Huang and Ke, 2016) , and mammals (e.g., Fumagalli et al., 1996; Sbisà et al., 1997) have been conducted. However, the control region of frogs has only been studied in a limited number of species. Although large size variations in the frog mitochondrial genome are known, the extent to which this represents an expansion of the control region sequences is poorly understood. Recently, a large number of mitochondrial genomes have been reported, which has created a good opportunity for studies of control region structure and evolution of frogs.
In the present study, we examined the structure of the control region of Ranidae species, based on the complete mitochondrial genome collected from GenBank. The aims of this paper were: 1) to characterize the structural features and patterns of sequence evolution of the Ranidae mtDNA control region and 2) to infer the relationships of Ranidae using the mtDNA control region.
MATERIAL AND METHODS
All sequences were retrieved from GenBank (species and GenBank accession numbers are presented in Table 1 ). We only analyzed the control-region sequence from the whole mitochondrial genome, in order to ensure accuracy. A total of 37 species from 14 genera belonging to four subfamilies of Ranidae were analyzed (Table 1) .
Sequences were aligned using the CLUSTAL X procedure (Thompson et al., 1997) . DnaSP v. 5.0 (Librado and Rozas, 2009 ) was used to define the variable sites. The nucleotide composition was calculated using MEGA 6.0 (Tamura et al., 2013) and the genetic distance between species was calculated using the Tamura and Nei (1993) model (TN93) in MEGA 6.0 (Tamura et al., 2013) . The conserved sequence boxes found were compared with previously published sequences (e.g., Sano et al., 2005) .
MODELTEST 3.0 (Posada and Crandall, 1998) and the Akaike information criterion (AIC, Posada and Buckley, 2004) were used to identify the appropriate nucleotide substitution models. A maximum likelihood (ML) tree (Strimmer and Haeseler, 1996) was obtained using heuristic searches, based on the substitution model proposed by MODELTEST 3.0 (Posada and Crandall, 1998) . The ML tree was constructed using PAUP 4.0 (Swofford, 2002) . Leiopelma archeyi and L. hochstetteri were used as outgroup. Statistical support for the internodes in the phylogenetic tree was tested by bootstrap percentages (BP) based on 1000 replicates (Felsenstein, 1985) . Some species had more than one control region sequence, in which case we only used one homologous sequence to construct the phylogenetic tree.
RESULTS AND DISCUSSION

Alignments
The alignment of the Ranidae control region was straightforward. Most of the Ranidae species had only a single control region, with the exception of four species (Euphlyctis hexadactylus, Hoplobatrachus tigerinus, Hyperolius marmoratus, and Rana kunyuensis), which had two repeat regions. The control region spans the region between the Cyt b and tRNA leu genes in most Ranidae species (Table 1) . This is different from most of the avian species wherein the control region spans between tRNA Glu and tRNA Phe (e.g., Huang and Ke, 2016) . The length of the control region sequences were highly variable, ranging from 1186 bp (Limnonectes bannaensis) to 6746 bp (R. kunyuensis), with an average size of 2717 bp (Table 1) . The size and variation of the Ranidae control region was larger than that observed in the avian family Phasianidae (ranging from 1144 to 1555 bp, Huang and Ke, 2016) . The control region is usually considered to be the most variable part of the mtDNA (Randi and Lucchini, 1998) . Extensive size variation of the mtDNA control region, attributable to variation in the number of tandem repeats, has been reported in many animals (e.g., Boyce et al., 1989; Rand and Harrison, 1989) .
Base composition and genetic distance
The average nucleotide composition of the Ranidae control region sequences was as follows: 31.34% A, 33.37% T, 12.89% G, and 22.41% C, with a bias against G. The amount of A+T was more than that of G+C across the whole control region, which was also found in the avian control region (e.g., Baker and Marshall, 1997; Ruokonen and Kvist, 2002; Huang and Ke, 2016) .
The nucleotide frequencies were not significantly different among species, and thus the TN93 model is an appropriate estimator of genetic distance (Randi and Lucchini, 1998) . We were able to align the Ranidae control region sequences with high certainty within each genus. Genetic distances between species ranged from 1.94% (between R. chosenica and R. plancyi) to 113.25% (between Amolops ricketti and E. hexadactylus), showing a wide range of divergences. 
Conserved sequences
Previous comparisons of control region sequences have identified conserved sequence elements based on greater similarity of the sequence elements compared to that of the flanking areas (e.g., Ruokonen and Kvist, 2002; Huang and Ke, 2016) . We aligned the sequences of all species and identified three conserved sequence blocks (CSB-1, -2, and -3) located in the Ranidae (Table 2) . CSB-1, -2 and -3 were also detected in fish (e.g., Zhang et al., 2011) , bird (e.g., Baker and Marshall, 1997; Yang et al., 2015) , and mammalian species (e.g., Walberg and Clayton, 1981) . We did not find the CBS-1 in Nanorana pleskei; the CSB-2 was not found in N. pleskei, Quasipaa yei, or Fejervarya limnocharis; and the CSB-3 was not observed in N. pleskei, Quasipaa yei, or Occidozyga martensii. Conserved sequence boxes (F to A) are often found in fishes (e.g., Zhang et al., 2011) , birds (e.g., Randi and Lucchini, 1998; Huang and Ke, 2016) , and mammals (e.g., Walberg and Clayton, 1981) . However, these were not found in Ranidae. 
Phylogenetic relationships
On the basis of hierarchical likelihood-ratio tests as implemented in MODELTEST 3.0, the general time reversible (GTR) model + gamma (G) distribution was used (GTR + G; -lnL = 14653.47, P < 0.001, AIC = 29475.58, BIC = 30149.04). We set the shape of the gamma distribution to 2.08 (as estimated by MODELTEST). An ML method was used to reconstruct the phylogenetic tree based on the GTR + G model. Many clades were supported by bootstrap values of more than 80%. With the exception of Raninae, the phylogenetic tree grouped members of the same subfamily into the same clade (Figure 1) . The phylogenetic tree grouped all the species of Dicroglossinae into one clade ( Figure  1) . Control region gene analysis strongly supported that the genera Nanorana and Quasipaa formed a single clade (BP = 98%). Euphlyctis was the sister genus of Hoplobatrachus that together formed a sister group of the genus Fejervarya (BP = 98%). Limnonectes formed a separate clade (BP = 100%).
Members of Occidozyginae also formed a single sister clade to the Dicroglossinae (Figure 1) . The taxonomic position of Occidozyga has previously been debated. Dubois (1992) suggested that Occidozyga shared several important unique characters with the genus Euphlyctis, and proposed to place the genera Euphlyctis, Occidozyga, and Phrynoglossus as a Dicroglossini tribe within the subfamily Dicroglossinae. However, Emerson and Berrigan (1993) suggested Occidozyga as a subgenus of Rana. Che et al. (2007) proposed that Occidozyga was the sister taxon of Micrixalus using 12S and 16S rRNA. Marmayou et al. (2000) found that the genera Occidozyga and Phrynoglossus formed a basal clade. In our study, the control region sequences supported that Occidozyga (belonging to Occidozyginae) formed a sister group of the Dicroglossinae (Figure 1 ). To better resolve the taxonomic status of Occidozyga, more taxon sampling, as well as multiple nuclear markers are needed in future studies.
The species of Raninae were divided into two different clades. The species within a genus grouped together in each clade, except for the genera Rana and Amolops (Figure 1) . Rana is the most diverse genus within the Raninae. Many phylogenetic studies have suggested that Rana might not be monophyletic based on molecular data (e.g., Hillis and Wilcox, 2005; Jiang and Zhou, 2005; Che et al., 2007; Huang et al., 2014) . Control region data supported the hypothesis of polyphyly for Rana. Likewise, the systematics of Amolops species has long been contended, especially A. tormotus (e.g., Fei, 1999; Li et al., 2006; Cai et al., 2007; Su et al., 2007) . A. tormotus was originally named Rana tormotus by Wu (1977) . Fei et al. (1991) instead suggested that tormotus should be transferred to the genus Amolops, based on morphological characters. Cai et al. (2007) suggested the transfer of A. tormotus into the genus Odorrana based on 12S and 16S rRNA. Huang et al. (2014) also considered that A. tormotus should be transferred to the genus Odorrana as O. tormota based on COI gene analysis. Our control region data also showed that A. tormotus was the sister species to O. margaretae (Figure 1) . Thus, our results support that A. tormotus should be placed in the genus Odorrana as O. tormota.
In this study, the characteristics in the pattern of variability in the Ranidae mitochondrial control region were analyzed. The size of the Ranidae control region is highly variable. We examined the existence of the previously described conserved sequence blocks of the control region by using wide variety of species, both fishes, avian and mammalian. Only CSB-1, -2, -3 were observed. However, conserved sequence boxes (F to A) are not detected in Ranidae. We also inferred the phylogenetic relationships of Ranidae using control region. With the exception of Raninae, the phylogenetic tree grouped members of the same subfamily into the one clade. Control region sequence is an effective molecular tool for phylogenetic inference of Ranidae.
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